During the summer of 1941 the most severe epidemic of acute encephalitis yet experienced in North America occurred in the North Central States and the adjacent provinces of Canada. This epidemic has been briefly described by Leake (1) , and reports of the Canadian experience have appeared in Canadian medical journals (2, 3, 4) . In Minnesota during epidemic months, 850 suspected or frank cases of encephalitis were reported. Later, however, many diagnoses were changed, and at present 791 cases are listed as having occurred during the summer of 1941 .
While the occurrence of such a large number of suspected cases of encephalitis afforded an unusual opportunity for epidemiological study, it was not considered advisable to conduct such a study on the basis of reported cases. The disease had only recently been recognized and a definite clinical picture had not been established for a large group of patients; further, acute infections, brain tumor, tuberculous meningitis, nonparalytic poliomyelitis and the various complications of hypertension and cerebral arteriosclerosis were often confused with encephalitis. It was therefore decided that the selection of cases for epidemiological study must meet the following conditions. First, cases must be selected by the use of an etiological test. Then, since i From the Minnesota Department of Health, Division of Preventable Diseases, Minneapolis, Minn. no etiologic test had been used for a large number of cases, the validity of the etiologic test had to be demonstrated by showing that the selected cases presented a uniform clinical picture and a reasonable epidemiological pattern as regards sex, age, seasonal and geographical distribution. In the present study the selection of such a group of cases is described and the conclusions which can be drawn regarding the spread of this disease are discussed.
Etiological diagnosis
Chief reliance had to be placed upon the neutralization test since isolation of virus was feasible in only a small number of cases and the complement fixation test had been studied very little. Physicians were requested to obtain a blood specimen early in the disease and during convalescence.
Virus strains. Most sera were tested against a Western equine encephalomyelitis strain isolated from a patient in North Dakota by Dr. Herald R. Cox of the United States Public Health Service during the 1941 epidemic. A small number of sera were tested against a strain obtained from Dr. Peter Olitsky and a strain isolated from a human brain specimen in this laboratory in 1941.
The St. Louis strain used was the Hubbard strain obtained from Dr. E. H. Lennette.
Method. Many methods of preparing virus suspensions for the neutralization test were tried. The most satisfactory method was as follows: A large stock of each strain was made up as a 10 per cent suspension of infected mouse brain in broth containing 10 per cent horse serum. These stocks were kept frozen in the dry-ice box. Subinoculations to obtain virus for the neutralization runs were made from these virus stocks. Virus for the neutralization runs was made up as a 10 per cent suspension, centrif uged 15 to 20 minutes at approximately 1,500 r.p.m., and the supernatant, in amounts sufficient for a run, was placed in small glass ampules. These ampules were sealed with a flame, frozen, and stored in the dry-ice box. Several months' supply was made up at a time. Such sealed suspensions of the Western and St. Louis viruses have been kept in the dry-ice box for 12 months without detectable drop in the titer of the virus. The virus suspensions used in both the Western and St. Louis runs usually had a 50 per cent mortality endpoint titer of 10~7
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Technique of the neutralization test.
Equal parts of serum and virus suspension were mixed together. The final serum dilution was always 1 to 2 and the final virus dilution 10 4 , 10 s , 10", for the Western strain and 10~5, 10~6 and 10~T for the St. Louis virus. When a serum showed a high titer against the St. Louis virus it was retested using lower dilutions of virus. Each mixture was let stand 1 hour at room temperature before being inoculated intracerebrally in 0.03-ml amounts into 4 Swiss albino mice approximately 6 weeks of age. A known positive and a known negative serum were included in every run. The negative serum was tested with 10" 6 , 10-7 and 10 8 dilutions of virus and usually 6 to 8 mice were included in the 10~6 and 10~7 dilutions.
The mice were observed for 14 days, deaths recorded daily, and at the termination of the run the 50 per cent mortality endpoint calculated for each serum.
Results obtained with the neutralization test
Standard techniques for running neutralization tests with the neurotropic viruses have not been established. It is therefore necessary for each worker to determine what constitutes a significant antibody level. In addition it is important to know at what time in the illness this antibody level may be expected. Also, since many sera must be stored for some time before testing, the effect of storage upon the antibody level must be known.
1. Significant antibody levels. Sera from 857 suspected cases of encephalitis were tested, but in many cases the only sera received were taken early in the illness and low levels of neutralizing antibody were found. To determine the lowest level that might be considered significant, sera were obtained from a group of 278 patients with disease conditions other than encephalitis. One hundred and seven were ambulatory dispensary patients with no past history of encephalitis, 105 patients were considered to have poliomyelitis, and 66 had conditions such as tuberculosis, brain tumor, brain abscess, cerebral hemorrhage, etc. These patients came from localities scattered throughout the state so that their geographical distribution corresponded roughly to that of encephalitis patients. Sera from these patients were obtained during the epidemic period or within a few months thereafter. The results are given in Positive results were obtained as early as the first week and negative results as long as 7 weeks after onset. Since patients were bled at irregular intervals and some sera had to be stored for months before being run, the table gives only a rough picture of the time of appearance of antibodies. If sera were negative 2 months after onset, usually no attempt was made to get further specimens, so the maximum period which may elapse before the appearance of neutralizing antibodies is not known. Since antibodies developed fairly rapidly, it was found that sera from fatal cases frequently showed significant antibody levels.
Sera from 15 of 36 fatal cases neutral- 
Results with the neutralization test (St. Louis virus)
Since Hammon (6) had reported mixed infection with the Western equine virus and the St. Louis virus, and because so many sera did not neutralize the Western virus, 306 sera were tested against both viruses (table 3). As a control for the St. Louis virus neutralization test, 114 sera were obtained from ambulatory dispensary patients without a history of encephalitis in the past. Of the 114 sera, two showed a significant antibody level.
No evidence of cross neutralization between the two viruses was obtained. There were 14 sera which neutralized 40 m.l.d. or greater of St. Louis virus. In 5 of these, neutralization of the Western virus was absent, and in a sixth serum the concentration of St. Louis antibodies was much greater than that of the Western antibodies. These sera may be from patients with the St. Louis type of encephalitis, since sporadic cases had been previously recognized in Minnesota. In the remaining 8 sera the titer of the Western antibodies was much higher than that of the St. Louis antibodies, and it is probable that the St. Louis antibodies are the result of previous exposure and not due to a mixed infection. In two cases this appears to have been definitely the case. In one, serum obtained early in the illness neutralized 100 m.l. 
Virus isolation
Virus of the Western equine type was isolated from 3 of 10 brain specimens from suspected cases of encephalitis. Guinea pigs were much more satisfactory than mice for isolation of virus.
Clinical data
Histories were obtained in 314 instances where laboratory evidence of infection by the Western type of equine encephalomyelitis virus was present. Although these histories were submitted by many different physicians and varied greatly as to completeness, the clinical picture presented is quite uniform.
In 95 cases the manner of onset is described. Onset was sudden, with the symptoms of an acute infection, such as headache, fever, chills, nausea, vomiting, general pains and malaise. Headache was the most prominent symptom with only a few exceptions. Drowsiness was also seen occasionally early in the course of the illness. Little information was given as to the duration of the prodromal period. It is known that a few individuals had these symptoms 4 to 5 days before being confined to bed, but this was probably exceptional, and in most cases the patient went to bed 1 to 2 days after onset. At this time the patient's subjective symptoms were less prominent, and it was the patient's mental state that was the most striking feature. The patients were described as being mentally dull, lethargic, drowsy, stuporous, comatose, confused, disoriented, irrational or delirious. Table 4 gives the symptoms complained of in the entire group and the mental changes observed. It presents a picture of the relative frequency of the various symptoms and mental changes and not the actual frequency, because of the briefness of many histories.
Physical findings. In every case in which temperature is mentioned fever occurred. In no instance was fever said not to have been present. The temperature taken on one or more occasions was reported in 226 cases. The maximum temperature reported is recorded in table 5. Because many patients were treated at home, and some were not seen until late in the illness, the temperature records are often incomplete/
The maximum temperatures were most often between 102 and 104.5 F. Some of the temperatures are known to have been taken rectally, and it is likely that many of the high temperatures are rectal temperatures. In 40 eases the day of illness on which the temperature became normal was given. This was most often between the seventh and ninth days.
The most common physical finding was stiffness of the neck (table 6 ). The only other finding at all frequent was tremor, most often of the lips and hands. The deep reflexes varied; in some cases they were diminished, in others increased. They varied from time to time in the same individual. The abdominal reflexes when mentioned were stated to be absent. A positive Kernig sign was uncommon. Paralysis of some degree was mentioned in 9 instances and in 7 was of a minor degree and apparently transitory. The eighth case was that of a 5-year-old girl with quadriplegia and respiratory involvement requiring the use of a respirator. The clinical diagnosis was encephalomyelitis because of presence of sensory loss also. There was a marked rise of antibodies during the illness. In the ninth case quite marked paralysis of the legs was present. The patient died 10 weeks after onset. Paralysis in encephalitis appears to be rare and is usually of upper motor neurone type.
In some cases physical findings were minimal, the mental status of the patient being the only striking finding. Mild cases occurred. One woman was never sick enough to stay in bed. She got up each day and tried to do some housework, was drowsy and slept on a couch part of each day, had headache and a temperature of 102 F. She felt fairly well at the end of a week.
Duration of the disease.
The length of the febrile period gives an indication of the duration of the acute illness, the patient usually showing improvement within a day or two after the temperature reaches normal. In 20 patients the average hospital stay was 17 days, with a range of 9 to 30 days. In 20 other patients the average day of illness on which improvement was stated to have occurred was the ninth day, with a variation of from 4 to 20 days, TABLE 6 Physical findings in cases with laboratory evidence of encephalitis of the Western equine type most values being between 7 and 14 days. Convalescence was often prolonged because of persistent weakness. In one case, fever of 99.4-100 F was said to have continued for 4 months, 3 months after the other symptoms had subsided.
Sequelae. Sequelae in adults have not been definitely established as yet but one instance of marked personality change has been observed which appears to be due to the illness.
Mental retardation, convulsions and spastic paralysis have been observed in two Minnesota and two North Dakota infants following the 1941 epidemic. One 5-year-old child developed quadriplegia and sensory loss, which are still present.
Laboratory data
White blood count. White blood counts were recorded in 156 cases. The counts ranged from 4,300 to 29,750. Most counts fell between 7,500 and 15,000 (table 7) .
In 48 instances the day of illness on which the blood count was done was recorded. The high counts occurred between the third and eighth days of illness. A predominance of lymphocytes or mononuclear cells was found in 79 cases, a predominance of polymorphonuclear cells in 9 eases, and in one case there was an equal number of lymphocytes and polymorphonuclear cells. Gross blood was found in two cases, apparently as a result of the disease process and not because of faulty technique.
The day of illness on which the spinal fluid was obtained was known for 89 cell counts. Most of the counts were done between the fourth and eighth days, and no definite correlation between the number of cells and the day of illness could be established, except that the 5 counts over 200 occurred during the first 5 days of illness.
Spinal fluid: pressure. The pressure was seldom recorded. The pressure was said to be increased in 19 cases, slightly increased in 5, and not increased in 10. The pressure in millimeters of water was given in 12. The range was from 125 to 575. Ten were above 150 millimeters of water and 8 above 200 millimeters of water.
Spinal fluid: appearance. The spinal fluid was said to be clear in most cases.
Spinal fluid: protein. The Nonne test was positive in 75 of 84 cases. In 8 of these it was recorded as showing a trace only. In 16 cases the globulin test was stated to be positive without specifying the test used. In two cases it was stated to be negative. The actual amount of protein was recorded in 19 cases. It was over 40 milligrams in 13 cases, over 50 in 10 cases, and over 80 in 5 cases. Spinal fluid: sugar. The amount of sugar was recorded in only 7 cases. The values ranged from 43 to 100, with 5 values 55 or greater.
Antibodies. A low titer of antibody was found in the spinal fluid of two cases where the titer in the blood was high. In one of these, blood taken 1 year after onset neutralized 2,000 m.l. 
Epidemiological features
It has been shown that use of the neutralization test with the Western equine virus as the test organism resulted in the selection of a group of cases presenting a uniform clinical picture. The epidemiological picture presented by this group is consistent and will be briefly discussed.
1. Seasonal incidence (table 9, figure  1 ). The onset of all cases occurred between June 21st and September 18th, with one exception (November 27th). In 91.3 per cent the date of onset was between July 6th and August 23rd, the week of peak incidence being August 3rd to 9th.
2. Relation to temperature (figure 1). The average daily maximum and minimum temperatures of 6 localities in the Northwestern part of the state, where the disease was prevalent, were plotted and the curve of disease incidence superimposed. The warmest period was between July 20th and August 9th. Onset of 55 per cent of the positive cases occurred during this 3-week period. The peak incidence occurred during the last week of this period. Soon after, the daily temperatures started to drop, especially the minimum temperatures. A drop in the number of cases occurred.
3. Sex incidence (table 10) . Twentyeight and four tenths per cent of the cases were females and 71.6 per cent were males.
4. Age incidence (table 10). In both sexes the highest attack rates occurred in the higher age groups, over 55 years of age among the females and over 60 among the males. The marked preponderance of males affected was due to the higher attack rates in the age group 15 to 50. (table 11 ). The attack rates were highest in communities with a population under 10,000 and on farms. While in the population groups under 10,000 the attack rates varied from 15.8 to 22 per cent, it is doubtful whether this indicates a significant difference. The attack rates in the population groups over 10,000 were 3 to 7 times lower than the lowest rate in the groups under 10,000.
Relation to density of population
To get further information with regard to the density of population, county attack rates were plotted against the density of population per square mile in each county and against the percentage of the county population classed as rural. The highest attack rates occurred in counties with a low density of popu- TABLB 11 
Distribution of cases according to population, encephalitis and paralytic poliomyelitis
Population groups Under 1,000 and rural 1,000-2,500 2,500-10,000 10,000-100,000 Over 100,000 lation and a high percentage of rural population.
Onset in various parts of the state.
Early cases occurred in widely separated areas and no evidence of radial spread could be found.
Contact with sick people or animals, (a) Multiple cases in a family.
The occurrence of more than one case in a family was unusual. In one instance two positive cases occurred in one home. The dates of onset of these two cases were 2 days apart. In 3 other instances where a positive case was found a clinical diagnosis was made in another case. In one of these the other patient died and the microscopic examination was reported as showing meningitis and no evidence of encephalitis. In this family the dates of onset were 3 days apart. In the second family neutralization tests were negative with sera from the other patient. In the third family two other individuals were said to have had mild but similar illnesses but no sera were submitted. No other contacts with sick people prior to onset were mentioned.
(6) Contact with sick animals. In 235 cases information was available as to contact with sick animals. There had been no known contact with sick animals in 163 cases. Twenty-five patients had had contact with a sick horse, usually on the patient's own farm. In a few instances the patient had visited a farm on which there was a sick horse. Equine encephalomyelitis was said to have occurred on a farm in the patient's locality in 45 instances. In one instance there had been a sick pig and on another farm there were sick sheep.
Discussion
The epidemiological features of this group of cases are those of an insectborne, particularly mosquito-borne, dis- ease. Since, by means of the neutralization test a group of cases has been selected which presents a uniform clinical picture and a definite epidemiological picture, it is believed that the neutralization test is a reliable indicator of infection with the "Western equine virus and this group may be used in an attempt to get more information as to the spread of the disease. In addition, since attempts have been made to compare poliomyelitis to encephalitis of this type, a comparison has been made between the epidemiological features of paralytic poliomyelitis cases occurring in the summer of 1941, and those of encephalitis.
Before discussing the epidemiological features of this group further, a brief review of the present status of the problem of insect transmission of this disease is given.
Early in the study of equine encephalomyelitis it was concluded that it was an insect-borne disease, and during the past decade many studies on insect transmission have been reported. These have been recently summarized by Hammon and Reeves (8) With the last two, transmission experiments have not been successful. Isolation of virus from chicken mites has been recently reported by Sulkin (9) .
In addition to attempting to establish insect vectors, much work has been done in attempts to discover possible animal reservoirs. Three methods have been used: (a) determining the susceptibility to experimental inoculation of common domestic and wild mammals and birds, (6) searching for antibodies in the sera of these animals, and (c) attempting to isolate virus from various animals. Of the more common animals the vole, woodchuck, cottontail rabbit, jack rabbit, calf, goat, wood rat, kangaroo rat, white-footed mouse, field mouse, Eichardson's ground squirrel, young puppies, two species of cotton rats, pigeons, guinea fowl, Gambel and English sparrows, domestic ducks, young turkeys, chicks and some older chickens have been reported as susceptible to virus inoculation (10) . In many the route of inoculation was intracerebral, but in some peripheral routes of inoculation were used.
Antibody studies have been made 
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presented that suggests the presence of virus in Richardson's ground squirrel (13, 14, 15) .
The difficulty with present knowledge is that the presumptive vectors and hosts advanced are widely distributed and are not limited to the areas in which the human disease has been recognized. The vectors and hosts presented would serve to explain the disease in the horse quite well, since the disease has been found in the horse in most of the United States west of the Appalachian Mountains. The most striking problem is the wide distribution of the virus as shown by the disease in the horse and the restriction of the disease in man (to date) to prairie regions and irrigated regions.
The geographical features of Minnesota are so varied that an opportunity is afforded to compare the distribution of cases in regions with very different types of land and land use (figure 4). A line drawn from Minneapolis to the northwest corner of the state roughly indicates the two main geographical diyisions. The area to the northeast is covered by second growth forest, has many lakes and the soil is poorly suited for agriculture. Most people are engaged in forestry, mining, or in running tourist resorts. South and west of this line is prairie country, the greater portion of which is devoted to agriculture. In the rich agricultural areas of the state most of the land is under cultivation, and horses and domestic animals of all kinds are numerous. In the areas less suited for agriculture, farms and domestic animals are few.
CAEL M. EKLUND
Since domestic animals, especially fowl, have been suggested as a source of infection as far as human beings are concerned, an attempt was made to determine if there was any relation between the human disease and the number of domestic animals. First the county attack rates were plotted against the average number of chickens, cattle, pigs, sheep and horses per farm in each county (figures 5, 6) . No correlation was found. The county attack rates were then compared with the attack rates among horses (figure 7). High human and high equine attack rates were usually not associated (figures 8, 9, 10). To get further information, county at-• tack rates were plotted against the per- 
